We apply a novel Bayesian structural vector autoregressive method to analyze the macroeconomic effects of unconventional monetary policy in Japan, the US and the euro area. The method exploits statistical properties of the data to uniquely identify the model without restrictions, and thus enables formal assessment of the plausibility of given sign restrictions. Unlike previous research, the data-based analysis reveals differences in the output and price effects of the Bank of Japan's, Federal Reserve's and European Central Bank's balance sheet operations.
Introduction
Many central banks undertook unconventional monetary policy (UMP) measures in the aftermath of the 2007-09 …nancial crisis to restore the normal functioning of the monetary transmission mechanism when the policy rates reached the zero lower bound of interest rates (ZLB), or to provide further stimulus to the economy. Each central bank adopted measures deemed most suitable to the circumstances of its currency area (See Fawley and Neely (2013) and Ugai (2007) for reviews). This means that country-speci…c results can be thought to re ‡ect the e¤ectiveness of various measures (Gambacorta et al. 2014) but also that the experience of Japan, which has the longest history of UMP at the ZLB, cannot necessarily be generalized to other countries.
While conventional monetary policy targets low and stable in ‡ation with a short-term interest rate as an instrument, UMP commonly consists of massive expansion of central banks'balance sheets and/or aims to in ‡uence longer term interest rates. In addition to the adoption of new monetary policy tools, utilizing standard tools more frequently, intensely or for non-standard purposes can be classi…ed as UMP. In this paper UMP refers to the use of the central bank's balance sheet as a monetary policy instrument, also called 'balance sheet policies'by Borio and Disyatat (2010) . 1 1 sures have been e¤ective in in ‡uencing …nancial and macroeconomic variables (Cecioni et al. 2011) , there is still considerable uncertainty around the quanti…cation of those e¤ects (Joyce et al. 2012) . The relatively limited literature analyzing the macroeconomic e¤ects of central banks' balance sheet policies mostly uses structural vector autoregressions. 2 In the few studies (Meinusch and Tillmann 2016 , Weale and Wieladek 2016 , Boeckx et al. 2016 , Gambacorta et al. 2014 , Schenkelberg and Watzka 2013 focusing on the macroeconomic e¤ects over a sample period during which central banks actually targeted macroeconomic conditions, no major differences between the countries arise. Speci…cally, an expansionary UMP shock is found to lead to a delayed signi…cant temporary rise in output and prices in all countries, and the results are robust to alternative variables.
Structural vector autoregressions (SVARs) identi…ed by sign restrictions are common in the literature analyzing conventional or unconventional monetary policy. In the UMP literature, sign restrictions are often combined with short-run zero restrictions in order to reduce the set of admissible impulse responses and hence to sharpen identi…cation. In some cases the additional zero restrictions are also needed to disentangle the UMP-shock from the business cycle or …nancial shocks (e.g. Gambacorta et al. 2014, Schenkelberg and Watzka 2013) . As the theoretical foundations of UMP are not well established, both the signs and their restriction horizons are inevitably arbitrary. Obviously, if we are interested in the 2 The biggest strand of empirical UMP literature consists of event studies based on policy announcements. The limitation of the event-study literature is the narrow focus on high-frequency …nancial data. Event studies assume an immediate response of the variables of interest although the exact timing and duration of a policy intervention cannot be known (Martin et al. 2012) , while macroeconomic variables such as output and in ‡ation generally respond with a lag. Therefore this line of research is not appropriate to analyze macroeconomic e¤ects (Joyce et al. 2012) and mostly concerns UMP's impact on the …nancial market (Meinusch and Tillmann 2016) .
macroeconomic e¤ects of certain policy, it is particularly desirable to leave the responses of macrovariables unrestricted.
To the best of our knowledge, the so-called statistical identi…cation methods have not yet been employed in the UMP literature. 3 These methods facilitate statistical testing of exactly identifying short-run or long-run restrictions in SVAR models (see e.g. , whereas methods to assess the plausibility of sign restrictions have been either informal or dif…cult to generalize (see Lanne and Luoto 2016 , and the references therein).
In this paper we employ the method recently put forth by Lanne and Luoto (2016) that exploits the statistical properties of the data to uniquely identify a SVAR model and enables the evaluation of the plausibility of sign restrictions by their probabilities of being compatible with the data. This is helpful in either labeling the statistically identi…ed shocks, which do not carry any economic meaning as such, or in concluding that the sign restrictions imposed in the previous literature are not supported.
Apart from being able to assess the plausibility of sign restrictions, our approach has a number of additional bene…ts compared to the conventional approach to sign restrictions. First, it should yield more accurate impulse response functions. This follows from the fact that our impulse response analysis relies only on economic shocks that are found to plausibly satisfy the given restrictions. Second, since our model is uniquely identi…ed, the uncertainty surrounding the impulse responses of sign and other set identi…ed models -the so-called model identi…cation problem (see e.g. Fry and
Pagan 2011) -disappears and reporting the results of impulse response analysis is straightforward. Furthermore, a genuinely uninformative prior can be used, allowing us to learn about the impulse responses from the 3 As examples of using statistical information to identify conventional monetary policy shocks, see Bacchiocchi et al. (forthcoming) , Lanne, Meitz and Saikkonen (2016), Lanne and Lütkepohl (2014) , Normandin and Phaneuf (2004) .
3 data.
We …nd statistical support for the sign restrictions used in a number of previous studies in all three currency areas. This allows us to interpret the statistically identi…ed shocks and impulse responses along the lines of our reference studies (Schenkelberg and Watzka 2013 , Gambacorta et al. 2014 , Boeckx et al. 2016 . However, our impulse responses of these shocks di¤er in interesting ways from those reported in these studies.
Importantly, unlike previous research, our analysis reveals di¤erences in the macroeconomic impact of the three central banks'actions. Our unrestricted impulse response functions indicate that a UMP shock did not have a statistically signi…cant impact on the consumer price index (CPI) in Japan, while there is weak evidence of a lagged, positive impact on prices in the US and in the euro area, depending on the speci…cation. Our results also point to an immediate positive output response in the euro area, to a more delayed and persistent impact in the US than previously found, and that the positive output e¤ect in Japan was unlikely due to lower long-term interest rates. The di¤erences in the e¤ectiveness of the balance sheet operations can be explained by the di¤erences in the unconventional measures adopted by the three central banks.
The rest of the paper is organized as follows. Technical details of the econometric method are given in Section 2. Section 3 covers the empirical analysis and Section 4 concludes the paper.
Methodology
Structural vector autoregressions (SVARs) are a common tool to analyze conventional monetary policy. Lanne and Luoto (2016) . In particular, they show how to assess the plausibility of a set of sign restrictions by their posterior probability, and we apply their approach to check the sign restrictions used in a number of previous empirical UMP studies.
Our empirical results are based on the following n-variate SVAR(p)
where y t is an (n 1) vector of time series of interest, a (n 1) is an intercept term, A 1 :::; A p are (n n) coe¢ cient matrices and the (n n) impact matrix B, containing the contemporaneous relations of the structural errors " t , is assumed nonsingular. The (n 1) error term " t is a sequence of stationary random vectors such that each component " it ; i = 1; :::; n is independent in time with zero mean and …nite positive variance. It is also assumed that the components " it are mutually independent, and at most one of them has a Gaussian marginal distribution. show that under the non-Gaussianity and independence assumptions of the structural error term " t , the matrix B is uniquely identi…ed up to permutation and scaling of its columns. Changing the order of the columns of B means a di¤erent ordering of the structural shocks
If the process y t satis…es the stability condition
then the SVAR(p) model (1) has a moving average representation
where is the unconditional expectation of y t , 0 is the identity matrix and j ; j = 1; 2; ::: are obtained recursively as j = j l=1 j l A l . Interest then lies in the matrices j B j ; j = 0; 1; :::, the kth column of which contains the impulse responses of the kth structural shock " it ; i = 1; :::; n.
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In this paper, we are only interested in the unconventional monetary policy shock. In other words, our goal is to …nd out whether there is a single shock among the n statistically identi…ed ones that satis…es the sign restrictions imposed in each of the previous studies that we consider. If such a shock can indeed be found, we compare its impulse responses to those of the original study. To that end, we employ the Bayesian procedure of Lanne and Luoto (2016) 6 the n components of " t can satisfy the restrictions and hence be the structural shock of interest, we next compute the conditional probability of each shock " it; i = 1; :::; n satisfying the restrictions, conditional on none of the others satisfying them. In practice this is done using the posterior distribution of the identi…ed structural impulse responses j = j B; j 2 L.
For each i 2 f1; :::; ng, this probability can be interpreted as the posterior probability of the restricted SVAR model where the sign restrictions are imposed on the ith column of the j ; j 2 L matrices only. Among the n models, those satisfying the sign restrictions in the (true) data-generating process (DGP) are expected to have high posterior probabilities. Therefore, one can rank the SVAR models satisfying the restrictions by their posterior probabilities, and so …nd a shock that is most likely the shock of interest. 6 The economic shocks with the gratest probability can be given the economic interpretation related to the corresponding restrictions. On the other hand, if the sum of the posterior probabilities is small, i.e. all of the models take a negligible probability, we can conclude that the data does not lend support to the restrictions.
It is important to realize that apart from facilitating the assessment of the plausibility of the restrictions, our non-Gaussian SVAR framework has a number of other bene…ts compared to the conventional approach to sign restrictions. In the standard setting the matrix B cannot be identi…ed without restrictions such as sign restrictions which are popular in both conventional and unconventional monetary policy literature. The drawback of sign-identi…ed SVAR models is that they are only set-identi…ed, which means that the posterior of the structural parameters is proportional to the prior and hence an uninformative prior cannot be used. In fact, Baumeister and Hamilton (2015) 
The set-up
We …rst identify structural shocks statistically and, following Lanne and Luoto (2016) then proceed to formally assess the validity of the sign restrictions used by Schenkelberg and Watzka (2013) for Japan, Gambacorta et al. (2014) for the US and Boeckx et al. (2016) for the euro area. As the data turns out to lend support to the restrictions, we then move on to impulse response analysis of the economic shocks.
We assume that the ith independent component of the error vector " it follows a univariate Student's t distribution with i degrees of freedom.
Non-Gaussianity is required for identi…cation, as discussed in Section 2, and we provide evidence that the fat-tailed t distribution is in fact a suitable assumption for the errors. For the US and the euro area we also present results based on a relatively more informative prior for vec(A), which corresponds to the standard Minnesota/Litterman prior.
Japan
The burst of the asset price bubble in the early 1990s in Japan led the Bank of Japan (BoJ) to be the …rst central bank to adopt the zero-interest rate policy. In March 2001 the BoJ changed its main operating target from the overnight call rate to the outstanding current account balances (CABs)
held at the BoJ (Honda et al. 2013) . 7 In contrast to most central banks the operating target of the BoJ was on the liability side of its balance sheet.
The BoJ set explicit targets for bank reserves, committed to maintain high reserves levels in the future and increased the outright purchases of longterm government bonds in order to attain the target on bank reserves (Ugai 2007, Borio and Disyatat 2010) .
We adopt the speci…cation in Schenkelberg and Watzka (2013) In the present setup, the impact matrix B in (1) is uniquely identi…ed under non-Gaussianity of at least four components of the error vector. The strength of the identi…cation can easily be checked because a t-distributed random variable converges to a Gaussian as the number of degrees of free- 8 The results are qualitatively the same with linearly detrended data and no trend in the model. 9 The BoJ reintroduced QE measures -money market operations to increase the monetary base -in 2013 as part of the 'Abenomics' strategy. Since a linear model is not suitable to study a sample period which includes a change in the monetary policy regime, the sample cannot be extended to include the 'Abenomics'period.
dom goes to in…nity. Hence, small values indicate (strong) identi…cation.
The posterior means of the degree-of-freedom parameters of the univariate t distributions speci…ed for the components of the error term lying between 2.2 and 4.6 thus provide evidence of successful identi…cation.
To study the e¤ects of unconventional monetary policy on output and price level, we need to pin down the right structural shock among the statistically identi…ed ones. For that purpose we exploit the sign restrictions used by Schenkelberg and Watzka (2013) who assume that an expansionary UMP shock has a positive e¤ect on the reserves held at the BoJ and a non- Table 1 . The sums of the posterior probabilities for these di¤erent cases range between 0.14 and 0.41, lending overall support to the restrictions irrespective of the horizon although the evidence is clearly weaker when the restrictions are required to hold for an entire year. Moreover, there is only one shock (" 3t ) with a high posterior probability when only the impact e¤ect is restricted.
It is found the likeliest candidate for the UMP shock also when the …rst two impulse responses are restricted although " 1t seems to be almost equally likely. Only in the case h = 0; ::; 12 the restrictions fail to pin down the shock. These results altogether speak in favor of a unique labeling of the UMP shock so that impulse responses can be analyzed. This labeling turns out to be robust to two alternative speci…cations, which we consider next. 10 The identi…cation scheme in Schenkelberg and Watzka (2013) contains an additional contemporaneous zero restriction on consumer prices to disentangle the UMP-shock from demand and supply shocks. This is not required in our setup because identi…cation is based on statistical properties of the data. The UMP shock raises reserves approximately 3%, industrial production at most 0.15% after about two years but the impact on the price level and long-term government yield are insigni…cant. The e¤ect on the real exchange rate is positive but barely signi…cant.
In contrast to previous studies, these impulse response functions are obtained without restricting the e¤ects on any of the variables and are solely based on the data. Therefore it is interesting to compare the results with those of Schenkelberg and Watzka (2013) . It is worth noting that their response of reserves is of the same shape and persistence as ours, and they also …nd a virtually insigni…cant e¤ect of the UMP shock on the real exchange rate. On the other hand, their price response is weakly positive and temporary, while we …nd it to be insigni…cant also during the …rst 12 Unlike with the impulse responses based on conventional sign restrictions, because of point identi…cation, we are able to set the size of the shock. Furthermore, as unique impulse response functions are produced the conventional pointwise posterior median impulse responses and error bands can be reported.
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Figure 2: Impulse responses to an expansionary UMP shock: Japan
1995M3-2010M9. Median responses (solid lines) together with 68%
Bayesian credible sets (dashed lines).
year, when they restricted it non-negative. There is also a small di¤er-ence in the negative impact response of industrial production, which only we …nd signi…cant, but it is temporarily positive after 20 months in both studies. However the main di¤erence is in the reaction of the long-term government bond yield, which Schenkelberg and Watzka (2013) report to be signi…cantly negative for two years, whereas we observe a signi…cantly positive, although very weak (one basis point), transient response of approximately six months. This …nding is particularly interesting because asset purchases, which the BoJ engaged in to attain its target on reserves, are typically thought to work by lowering long-term rates.
As a robustness check we analyze a model with interpolated real GDP (instead of the industrial production), which has been used as a measure of aggregate output in Gambacorta et al. (2014) and Boeckx et al. (2016) . A monthly measure of real GDP was constructed using the Chow-Lin interpolation method with monthly industrial production as a reference series. We observe that a similar pattern of probabilities emerges as in the previous speci…cation: requiring reserves and the CPI to be non-negative on impact only uniquely identi…es the UMP shock, while there are other shocks with positive probabilities in the case h = 0; 1, and no labeling is clearly supported for twelve months (posterior probabilities range from 0.02 to 0.05).
There are also no major di¤erences in the impulse responses compared to the benchmark case.
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As another robustness check, we follow Schenkelberg and Watzka (2013) and consider a shorter sample period ranging from March 2000 to March
2007.
14 The sample period covers approximately a year before and after the BoJ targeted current account balances. In fact, one could argue that although the BoJ's target rate was very close to zero since 1995, starting to target reserves marks the beginning of a di¤erent monetary policy regime.
The posterior probabilities reported in the right panel of Table 1 show that, interestingly, the same shock (" 3t ) is uniquely identi…ed as the UMP shock for all restrictions horizons.
The impulse response functions, shown in Figure 3 , are aligned with the short sample results in Schenkelberg and Watzka (2013) . Their price response became insigni…cant as well, their response of real exchange rate turned from insigni…cant to positive, and in both studies the signi…cant output e¤ect occurs earlier than in the benchmark case. Interestingly, the main di¤erence remains: we observe an insigni…cant e¤ect on the long-term rate, 13 The detailed results of the robustness analysis are not reported here to save space but are available upon request. 14 With the shorter sample lag length is set to p = 2.
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while they documented an initial negative e¤ect which then turns positive.
We therefore conclude that our results are robust to the alternative output measure but shortening the sample period triggers sharper responses in output and real exchange rate, while the e¤ect on the long term yield can be considered negligible in both cases. To summarize, the sign restrictions in Schenkelberg and Watzka (2013) are supported by the data on impact and after the …rst month following the shock, but they are not able to uniquely identify the UMP shock when imposed for an entire year, except for the shorter sample period. This allows us to pin down the right structural shock among the statistically identi…ed ones and to conduct impulse response analysis.
Importantly, because we do not impose a positive price response, we are able to conclude that a UMP shock has no e¤ect on the price level. This is in contrast to Schenkelberg and Watzka (2013) who forced the shock to have a positive e¤ect for twelve months. They also documented a negative e¤ect on the long-term government bond yield, whereas in our case positive, although very small values (one basis point) are included in the 68% posterior error bands. Our …ndings are robust to a di¤erent output measure but not entirely to a shorter sample period. The results indicate that the Japanese monetary policy with an explicit target for reserves had no e¤ect on the core consumer price index. The policy managed to stimulate real economic activity with a delay but there is no strong evidence that it operated by lowering long-term interest rates.
United States
In the aftermath of the 2007-09 …nancial crisis, when short interest rates were approaching their e¤ective zero lower bound, the Fed, the ECB and We specify a BVAR(2) with a constant consisting of the four variables.
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With four variables, non-Gaussianity of at least three components of the error vector is crucial for identi…cation. The posterior means of the degreeof-freedom parameters of the t distributions of the error terms turned out to range from 2.8 to 4.2, lending support to fat-tailed error distributions and, hence, successful identi…cation.
In order to …nd out whether any of the statistically identi…ed shocks 15 A monthly measure of real GDP is constructed using the Chow-Lin interpolation procedure with industrial production and retail sales as reference series.
16 Also Weale and Wiedalek (2016) use p = 2 for this sample period. Table 2 show that there is not much di¤erence between the posterior probabilities in the two cases.
The sums of the posterior probabilities (0.12 and 0.16) lend overall support to the restrictions. Moreover, there is in both cases only one shock (" 4t ) with a high posterior probability, with the probability of the other shocks virtually zero, so that a UMP shock can be regarded as uniquely identi…ed in probability.
The impulse responses, plotted in Figure 5 , show that a unit UMP shock increases the central bank assets on impact but the median peak response 18 Gambacorta et al. (2014) and Boeckx et al. (2016) impose additional contemporaneous zero restrictions on output and consumer prices to reduce the number of admissible impulse responses and so to sharpen identi…cation. These are not required in our setup because the model is uniquely identi…ed based on statistical properties of the data. Taking into account the very small sample size, we also considered a more informative prior distribution, corresponding to the standard Minnesota/Litterman prior. Interestingly, Figure 6 shows that the relatively more informative prior results in a positive price response after 30 months, with the rest of the responses unaltered. Moreover, further tightening the prior made the positive price response to occur even earlier, but still much later than previously found.
To check the robustness of our results, we considered industrial produc- Table 2 show that the labeling is robust both variables and the same shock (" 4t ) is uniquely identi…ed in probability. There are, however, di¤erences in the impulse response functions compared to the benchmark speci…cation. 19 Interestingly, when industrial production is used, the positive CPI response becomes signi…cant after 30 months even when a non-informative prior is used, while the rest of the responses remain the same. Again, tightening the prior has the same e¤ect in that the CPI response becomes signi…cantly positive earlier.
On the other hand, unlike documented by Gambacorta et al. (2014) and what we found for Japan and the euro area (see Section 3.4), the results from the impulse response analysis for the US are not robust to an alternative quantitative policy instrument (monetary base). Although the posterior probabilities in Table 2 
Euro area
Similarly to the Fed, the ECB's asset purchase programs aimed to improve the functioning of speci…c markets. The covered bond purchase program (CBPP) stimulated the issuance of covered bonds, and therefore eased funding conditions for banks (Beirne et al. 2011) , whereas the objective of the However with six variables the number of parameters to estimate increases considerably when no restrictions are imposed, and because of the short sample period this obviously creates problems in estimation. We include a constant and two lags in the VAR model. 24 The posterior 22 In fact, with six variables the method adopted in this paper yielded results that did not allow us to make any conclusions even when using a very tight prior. Because one of the advantages of the method is the ability to check the compatibility with the data of the restrictions imposed in the conventional approach, we choose to stick to the 4-variable speci…cation. Moreover, our conclusions turn out to be similar to those obtained by Boeckx et al. (2016) and most di¤erences can be seen to follow from (the absense of) restrictions. 24 Our results are robust to p = 3 used in Boeckx et al. (2016) although the IRFs are somewhat smoother with p = 2.
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means of the degree-of-freedom parameters of the t distributions speci…ed for the components of the error term between 2.3 and 5.6 suggest that identi…cation based on non-Gaussianity of the errors has once again been achieved. We therefore proceed with the formal assessment of the sign restrictions in Boeckx et al. (2016) , who assume that a UMP shock increases the balance sheet of the ECB but does not increase …nancial stress. The restrictions are imposed on impact and in the …rst month after the shock.
The results reported in the left panel of Table 3 show that the restrictions are supported by the data and two of the shocks (" 1t and " 2t ) receive a relatively high probability (0.17 and 0.25, respectively). The results do not depend on the horizon over which the restrictions are imposed, and we regard " 2t maximizing the posterior probability as our UMP shock of interest. An inspection of the impulse responses in Figure 8 reveals that a unit UMP shock results in an increase in the ECB assets of approximately 0.4% on impact, leads to a signi…cant increase in output and an (insigni…cant) initial decline in the CISS indicator. 25 The main di¤erence with Boeckx et al. (2016) or the country-level results in Gambacorta et al. (2014) is the response of prices, which they found to be signi…cantly positive persistently, while we …nd no signi…cant e¤ect. In contrast, the size of the output e¤ect is similar to theirs, lasting less than a year. Given that our results are obtained without restrictions, it is interesting to note that also the timing of the output response di¤ers from Gambacorta et al. (2014) and Boeckx et al. (2016) . Speci…cally, when the impact response is not ruled out ex ante, a positive output response is found to occur earlier than reported in these previous studies. While Boeckx et al. (2016) found output to peak after eight months and Gambacorta et al. (2014) after three months, according to our results output peaks immediately. 25 The normalization rule used to compute the posterior probabilities reported in Table   3 generates bimodal posterior distributions for the impulse response functions, resulting in error bands that do not properly re ‡ect parameter uncertainty (see Waggoner and Zha 2003) . For the error bands to be informative about the reliability of the estimates, we report impulse responses computed with a di¤erent normalization rule which, however, does not a¤ect the posterior probabilities.
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Taking into account the relatively small sample size and the implicit tight priors of conventional sign-identi…ed SVARs, we also considered a more informative prior distribution. The impulse response functions reported in Figure 9 show that the relatively more informative prior results in a positive transient price response after 18 months, whereas the rest of the responses remain unaltered.
We checked the robustness of our results with respect to the monetary base instead of central bank assets as the monetary policy instrument.
The right panel of Table 3 shows that the UMP shock is more sharply identi…ed in that the posterior probability of the likeliest shock (" 2t ) is greater when monetary base is used instead of central bank assets as the quantitative policy instrument, con…rming that this shock indeed is our UMP shock of interest. The results from the impulse response analysis are robust with respect to the alternative instrument save one interesting exception: a positive price response occurs already after one year even when a non-informative prior is used, i.e. the analysis is solely based on the data.
The latter …nding is in contrast to Boeckx et al. (2016) , whose price response proved robust to the alternative policy instrument. Nonetheless, the authors point out an important di¤erence between the two variables: the ECB's asset purchases were mostly sterilized and hence are not included in the monetary base. As a consequence the evolution of the European Monetary Union's monetary base re ‡ects extensions of the long term re…nancing operations (LTROs) only (Fawley and Neely 2013) . This can explain our …nding that central bank assets and monetary base had a different impact on the price level and suggests that extending the maturity of the longer bank loans showed up sooner in the euro area consumer prices 26 These impulse response functions are not shown here to save space but are available upon request.
27
than purchases of private assets or government bonds.
Conclusions
We have applied a novel Bayesian SVAR identi…cation method due to Lanne and Luoto (2016) to estimate the macroeconomic e¤ects of the Bank of Japan's, the Federal Reserve's and the European Central Bank's balance sheet operations. The procedure exploits non-Gaussianity and independene of the structural error terms to uniquely identify the shocks as in . In contrast to the SVAR models identi…ed by sign restrictions, our model and the impulse responses are point-identi…ed. This entails a number of advantages over the conventional approach to sign restrictions. Importantly, instead of being forced to impose the set of sign restrictions used in the previous literature, we are able to formally assess their plausibility against the data.
According to our results, the sign restrictions used in the previous literature were mostly supported by the data. However, unlike previous literature, we found an expansionary unconventional monetary policy shock to have di¤erent macroeconomic e¤ects in the three geographical areas.
Not only the timing, persistence and statistical signi…cance of the output and price responses varied from country to country but also the robustness of the results to alternative variables used in the literature. Although we looked at policies that expand each central bank's balance sheet, the policy instrument encompassess di¤erent operations for each central bank, which therefore turned out to have di¤erent economy-wide e¤ects.
